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e Brief (re)introduction to the BNL VLBL concept

e Proton beam study update
o Summary of current “baseline” design

o New ideas for improvements

e Direction Sensitive Photo-Sensor work



2/22 — The BNL Very Long Baseline Concept - See Multiple Oscillations
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3/22 — The BNL Very Long Baseline Concept - Matter Effect Enhancement,
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4/22 — The BNL Very Long Baseline Concept - CP Asymmetry

1 GeV neutrino, vacuum

~014
L S pumsceee
12 | O numu ommo
= - e anumu cp=45
i ® anumu cp=90
Marciano (hep-ph/0108181): 01 |
2 I SK best fit
e Flux goes as 1/L 008 | w__,,\d_».m_e;uo.on
e CPV grows w/ L H
0 5 0.06 |-
e FOM = A“Ny/(1-A“) I
004 |
002 |
0 ‘ e

e L 3 7 L - L 7 L 7 L
0 500 1000 1500 2000 2500 3000 3500 4000

Brett Viren, bv@bnl.gov, 06/04/2004 Baseline (km)

CPV FOM ~independent of baseline for same beam power and detector mass



5/22 — The BNL Very Long Baseline Concept - ve background: NC feed down
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6/22 — Some expected results

Plots generated assuming:

e 2540 km (BNL-Homestake) baseline. BNL-Henderson (2767) a little better,
oscillation features pulled to slightly higher energy.

e Oscillation parameters around SK best fit point and KamLAND’s LMA-I,
sin22015 = 0.04

o 5x107 seconds, 1 MW neutrino running
o 5x107 seconds, 2 MW anti-neutrino running
e 500 kTon fiducial mass UNO-like detector

e Better than SK e/ 70 separation, (not yet shown to be possible, but we are
hopeful)



7/22 — Expected Disappearance Signature.

Events/bin
N
3

200

150

100

50

vy DISAPPEARANCE
‘ mw 250
I~ BNL-HS 2540 km mm
in’ 1l
- sin“26,,=1.0
2 2 200
B Am° ,,=2e-3eV
- 1MW, 0.5MT, 57 sec
B ””””’A”A ____ Nooscillations: 13290 evts 150
| ’: ” A’A — With oscillations: 5936 evts
i AA ,, A : ........ Background: 1111 evts 100
T
‘ ___ | ___
- __ ____ o
i **___ __________
o,:;ﬂ:;m::.wi__,,h 5 6 7 8 9 10 °

Reconstructed v Energy (GeV)

>3:-<c DISAPPEARANCE

BNL-HS 2540 km
. 2 _
sin N®Nw| 1.0

2 _ 2
Am wmlmokwm<

|
”’A’;”’ 2MW, 05 MT, 57 sec

|

,,,,,

,,__

__
_______

PRI AR R ﬂ-f-;_?EEEE%EE%E%E

0

1 2 3 4 5 6

7

8

__  Noogscillations: 14868 evts
__ With oscillations: 6185 evtd

........ Background: 1268 evts
Backg includeswrong sign

9

10

Reconstructed anti-v Energy (GeV)

Node pattern provides high Am? resolution. Energy calibration is very

important. Flux normalization not important for measurement of mew%ww



8/22 — Disappearance Sensitivity
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9/22 — Expected Appearance Spectra (strong background rejection)
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10/22 — sin®20 4 sensitivity
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11/22 — CP measurement after with v and anti-v running

Regular hierarchy vu and Antivu runningReversed hierarchy vu and Antivu running

Ocp (dl_\eg )
Ocp (dpeg )

Il 66 S |™) 00 o
-0 oo = | ) oo =

-l 0o o |« 00 ©
@,
@

‘ ” | | S\ ” ” |
-100 . ““““ “““““““““ m ‘ “““““““““ - ““““““““““““ 100 | ‘ ““““ “““““““““ ' “““““ ' “““““““““ - ““““““““““““
=) O o o | L) oo o
0 0.02 0.04 0.06 0.08 0.1 0.12 0 0.02 0.04 0.06 0.08 0.1 0.12
Sin“20,, Sin“20,,

Left: Regular mass hierarchy. Right: Reversed mass heierachy.



12/22 — The BNL VLBL Concept Overview
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13/22 — Costs and Schedule for Beam

Costs: Schedule:
o 3 years R&D

e Construction starts 1 year after

e Bottom-up estimate, FY04 dollars
R&D starts

e Direct cost $273.4M direct

e Total (30% contingency, 14.5% BNL
overhead) $406.9M

e 4.5 years construction, 0.5 year com-
missioning
e Utilize RHIC shutdown periods

work involving existing machines

Based on RHIC and SNS ring and LHC magnet construction



14/22 — Existing Upgrade Plan for Linac Injector
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e Lixisting 200 MeV room temperature Linac
e New 0.2-1.2 GeV superconducting Linac with 0.8/1.6/1.6 GeV sections
e Run AGS at 2.5 Hz rep rate

e Run 107 seconds / year. Likely achieve closer to twice this.



15/22 — New, Alternative Linac Injector Design

Recently Considered Modifications:

e Room Temp Linac: upgrade 200 to 400 MeV by copying the 1993 FNAL
Linac upgrade

e Superconducting Linac: instead of the 1.2 GeV injection using 0.8/1.6/1.6
GHz sections, go to 1.5 GeV using all 0.8 GHz. sections

This then,
e uses proven, reliable technology
e less R&D needed, yet get better performance
1.5 GeV injection leaves a straight forward path for 2 MW running
e Space charge effect lessened, less losses at injection
e Would still need double the motor-generator power supplies

e Would need new, redesigned AGS cavities



16/22 — Possibly Longer Decay Tunnel - Not Yet Official
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look at.



17/22 — Direction Sensitive Photo-Sensor

Direction Sensitive Photo-Sensor developments



18/22 — Direction Sensitive Photo-Sensor
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e Use lens to convert direction
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e Read out light either by ar-
ray of PMTs, or hybrid of
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a silicon readout

Work most recently done by BNL summer student Zach Parsons of Univerity of
South Dakota.



19/22 — Lens optimization

Optimize on:
o || Complexity
e || Angular resolution = spot size / focal plane radius
e || Surface area of image “plane”
e 1) Ratio of lens aperture to total lens diameter
e || Absorption (via reduce thickness and/or right material choice)

Used “ZEMAX” program, optical simulator with large catalog of materials.



20/22 — Lenses
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21/22 — Transmittances

Lens Transmittance (normal incidence)
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22/22 — Summary and future work

Beam:
e A bottom up cost and schedule estimate has been done for
e Design solidifying, some recent new improvements

e “AGS Super Neutrino Beam Facilty Report”
http://raparia.sns.bnl.gov/nwg_ad/

DSPS:

e Summer student pushed development a bit further

e His report is available from: http://nwg.phy.bnl.gov/preprints.php
Some expected future work at BNL:

e Put DSPS into UNO MC, test for @\ﬁo separation

e Use Chiaki’s work on SK efficiencies to looked at VLBL/UNO through use
of GLoBES software. Allow quick evaluation of different beam setups

e Push ahead UNO MC and reconstruction work

e $10K+10K for computing - increase existing Opteron cluster



